). The role of data from new wells and tests, and used to determine uncertainty in managing the Shoal site is described below confidence levels for a site contaminant boundary. An in the context of the regulatory framework, site optimum monitoring system was designed, the installation characterization and modeling, and long-term monitoring of which provided another opportunity to reduce and model validation. uncertainty as data were collectedfor model validation.
groundwater is the focus of investigations of the Shoal contaminants of concern are radionuclides, some of underground nuclear test site in rural Nevada. A which persist for many thousands of years. Migration of preliminary stochastic groundwater flow and transport radionuclides in groundwater is the main pathway of model was developed using historic site data and concern. Several approaches can be used to manage information from four characterization wells. The uncertainty in assessments of radionuclide migration from resulting uncertainty in predictions was unacceptable to these sites over long time scales.
the U.S. DOE, prompting additional data collection. A The Shoal underground nuclear test provides an Data Decision Analysis used Monte Carlo methods with example of some of these approaches. The Shoal test was the model to identify optimum data collection activities conducted in 1963 within a fractured granite mountain for uncertainty reduction. The model was revised with range in north-central Nevada ( Figure 1 ). The role of data from new wells and tests, and used to determine uncertainty in managing the Shoal site is described below confidence levels for a site contaminant boundary. An in the context of the regulatory framework, site optimum monitoring system was designed, the installation characterization and modeling, and long-term monitoring of which provided another opportunity to reduce and model validation. uncertainty as data were collectedfor model validation.
These data can feed back into the stochastic flow and. transport model to cull poorly performing model realizations and reduce uncertainty in the model predictions. The DDA found that uncertainty in effective porosity determined fracture frequency, orientation, and and recharge dominates the uncertainty in the model persistence, and were used for conditioning the model predictions. Field activities focusing on those parameters realizations. Maps of hydrogeologic heterogeneity were were determined to be optimal, providing the most generated using sequential indicator simulation methods reduction in model uncertainty for investigation cost. by specifying the prior probabilities of each fracture class, As a result of the DDA, DOE concluded that the spatial variability of each indicator variable, and the additional investment in site characterization would domain geometry. Geostatistical analysis revealed two provide a worthwhile reduction in model uncertainty. fracture orientations and these were superimposed after Four additional wells were drilled and constructed at the separate simulation.
Shoal site in 1999. In addition to geophysical logging and The equiprobable realizations of the groundwater flow hydraulic testing, a year-long tracer test was conducted to field were the foundation for transport simulations.
provide data on effective porosity [4] . Sensitivity analyses were conducted for other uncertain
The revised flow and transport model not only parameters and model features. The resulting mean incorporated the new parametric data, it also used the transport behavior found radionuclides predicted to cross information gained from the DDA to apply a more the site boundary in concentrations higher than regulatory comprehensive uncertainty analysis into the primary limits.
model framework [5] . As in the previous flow model, the Based on the sensitivity analyses, both DOE and distribution of fractures is treated stochastically ( Figure  NDEP recognized 
